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(57) ABSTRACT

Provided is an oscillator (100) including a piezoelectric body
(70) that has a plurality of protrusions (72) on one surface
thereof, a plurality of electrodes (80) that are respectively
provided on the plurality of protrusions (72) so as to be
separated from each other, and a plurality of electrodes (82)
that are provided on the other surface opposite to the one
surface of the piezoelectric body (70) so that each of the
electrodes faces only one electrode (80). Thus, it is possible to
prevent variation in acoustic characteristics from occurring.
Therefore, the oscillator capable of improving the acoustic
characteristics of an electronic device is provided.

6 Claims, 6 Drawing Sheets
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1
OSCILLATOR AND ELECTRONIC DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2012/001603 filed Mar. 8, 2012, claiming
priority based on Japanese Patent Application No. 2011-
081025 filed Mar. 31, 2011, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to an oscillator having a
piezoelectric vibrator, and an electronic device.

BACKGROUND ART

As an electro-acoustic transducer installed in an electronic
device, there is a piezoelectric electro-acoustic transducer.
The piezoelectric electro-acoustic transducer generates a
vibrational amplitude by using an expansion and contraction
motion that occurs by applying an electric field to a piezo-
electric vibrator. Since the piezoelectric electro-acoustic
transducer does not require a large number of members in
order to generate the vibrational amplitude, there is an advan-
tage in a reduction in the thickness thereof.

A technique involved in the piezoelectric electro-acoustic
transducer is disclosed in, for example, Patent Document 1
and Patent Document 2. In the technique disclosed in Patent
Document 1, a piezoelectric element and a vibrating film are
bonded to each other through a vibration transfer member
having elasticity. In the technique disclosed in Patent Docu-
ment 2, piezoelectric bodies separated from each other are
provided on a supporter.

A technique involved in a piezoelectric element is also
disclosed in, for example, Patent Documents 3 to 8. Patent
Documents 3 and 4 disclose a technique regarding an ultra-
sound wave probe using a piezoelectric element. In a tech-
nique disclosed in Patent Document 5, a damper member is
buried in a groove that is formed in a piezoelectric ceramic
element. Patent Document 6 discloses a technique relating to
a piezoelectric actuator, in which a protruding portion is
formed coming in contact with an elastic member and a
moving element. In a technique disclosed in Patent Document
7, vibrating electrodes provided on two principal surfaces of
a piezoelectric element are pressed for electrical conduction
therebetween without applying a conductive paste thereto. In
addition, Patent Document 8 discloses a method of manufac-
turing a piezoelectric actuator.

RELATED DOCUMENT
Patent Document

[Patent Document 1] Pamphlet of International Publication
WO. 2005/094121

[Patent Document 2] Japanese Unexamined Utility Model
Registration Publication No. S62-10594

[Patent Document 3] Japanese Unexamined Patent Publi-
cation No. H5-41899

[Patent Document 4] Japanese Unexamined Patent Publi-
cation No. H9-84193

[Patent Document 5] Japanese Unexamined Utility Model
Registration Publication No. S62-148000

[Patent Document 6] Japanese Unexamined Patent Publi-
cation No. H7-163166
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[Patent Document 7] Japanese Unexamined Patent Publi-
cation No. H5-75372

[Patent Document 8] Japanese Unexamined Patent Publi-
cation No. 2006-332616

DISCLOSURE OF THE INVENTION

For example, the piezoelectric electro-acoustic transducer
is configured by arranging a plurality of oscillators each hav-
ing a piezoelectric vibrator in an array. In this case, variation
in characteristics occurs between a plurality of the piezoelec-
tric vibrators. Thus, acoustic characteristics of the electronic
device deteriorate. Therefore, there is a demand for a reduc-
tion in the variation in characteristics between the piezoelec-
tric vibrators in order to improve the acoustic characteristics
of the electronic device.

In addition, in order to improve the acoustic characteristics
of the electronic device, it is preferable to improve a sound
pressure level of an oscillator included in the electronic
device.

An object of the invention is to improve the acoustic char-
acteristics of an electronic device.

According to a first invention, provided is an oscillator
comprising: a piezoelectric body that has a plurality of first
protrusions on one surface thereof; a plurality of first elec-
trode layers that are respectively provided on the plurality of
first protrusions so as to be separated from each other; and a
plurality of second electrode layers that are provided on the
other surface opposite to the one surface of the piezoelectric
body so that each of the second electrode layers faces only
one first electrode layer.

According to a second invention, provided is an oscillator
comprising: a piezoelectric vibrator; a vibration member that
constrains the piezoelectric vibrator on one surface thereof,
and of which the end is bent toward one surface side or the
other surface side opposite to the one surface; and a support-
ing member that holds the end of the vibration member.

In addition, according to the second invention, provided is
an electronic device comprising: a supporting member; and a
plurality of oscillators that are fixed onto the supporting mem-
ber, wherein the oscillator includes: a piezoelectric vibrator;
and a vibration member that constrains the piezoelectric
vibrator on one surface thereof, and of which the end is bent
toward one surface side or the other surface side opposite to
the one surface and is held by the supporting member.

According to the invention, it is possible to improve acous-
tic characteristics of an electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned objects, other objects, features and
advantages will be made clearer from the preferred embodi-
ments described below, and the following accompanying
drawings.

FIG. 1 is a cross-sectional view illustrating an oscillator
according to a first embodiment.

FIG. 2 is a plan view illustrating the oscillator shown in
FIG. 1.

FIG. 3 is a plan view illustrating a modified example of the
oscillator shown in FIG. 1.

FIG. 4 is a cross-sectional view illustrating an electronic
device according to a second embodiment.

FIG. 5 is a pl an view illustrating the electronic device
shown in FIG. 4.

FIG. 6 is a cross-sectional view illustrating a piezoelectric
vibrator shown in FIG. 4.
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DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings. In
all the drawings, like elements are referenced by like refer-
ence numerals and descriptions thereof will not be repeated.

FIG. 1 is a cross-sectional view illustrating an oscillator
100 according to a first embodiment. The oscillator 100
according to the embodiment corresponds to the first inven-
tion in the specification. The oscillator 100 according to the
embodiment comprises a piezoelectric body 70, a plurality of
upper electrodes 80, and a plurality of lower electrodes 82.
For example, the oscillator 100 is installed in an electronic
device such as a cellular phone.

The piezoelectric body 70 has a plurality of protrusions 72
on one surface thereof. The plurality of upper electrodes 80
are provided on the plurality of protrusions 72, respectively,
s0 as to be separated from each other. The plurality of lower
electrodes 82 are provided on the other surface opposite to the
one surface of the piezoelectric body 70 so that each of the
lower electrodes faces only one upper electrode 80. Herein-
after, the configuration of the oscillator 100 will be described
in detail.

FIG. 2 is aplan view illustrating the oscillator 100 shown in
FIG. 1. FIG. 2 illustrates a top surface of the oscillator 100. As
illustrated in FIG. 2, the protrusions 72 and the upper elec-
trodes 80 that are respectively provided on the protrusions 72
are arranged, for example, in an array.

Asillustrated in FIG. 1, for example, the piezoelectric body
70 has a plurality of protrusions 74 on the other surface
thereof. The plurality of protrusions 74 are provided on the
other surface of the piezoelectric body 70 so that each of the
protrusions 74 overlaps only one protrusion 72 when seen in
a plan view. In the embodiment, the plurality of protrusions
72 and the plurality of protrusions 74 can be provided so as to
be plane-symmetrical to each other based on a central surface
that is located between the one surface and the other surface
of the piezoelectric body 70 (not shown).

The piezoelectric body 70 is constituted by a material
having a piezoelectric effect, for example, lead zirconate
titanate (PZT) or barium titanate (BaTiO;), as a material
having a high electro-mechanical conversion efficiency.

The protrusion 72 and the protrusion 74 are formed by
processing the piezoelectric body formed of the above-de-
scribed material having a piezoelectric effect. The processing
of the piezoelectric body can be performed through, for
example, cutting work of a piezoelectric material or baking
using a shape mold.

The protrusion 72 and the protrusion 74 have, for example,
a square shape when seen in a plan view.

The piezoelectric body 70 is polarized in the thickness
direction thereof (vertical direction in FIG. 1). It is preferable
that the piezoelectric body 70 have a thickness of equal to or
less than 1 mm in a portion where the protrusion 72 and the
protrusion 74 overlap each other when seen in a plan view.
When the thickness exceeds 1 mm, the electric field intensity
of the piezoelectric body 70 decreases, which results in a
decrease in energy conversion efficiency. In addition, it is
preferable that the piezoelectric body 70 have a thickness of
equal to or more than 10 um in a portion where the protrusion
72 and the protrusion 74 are not located. When the thickness
is less than 10 um, there is a concern that the piezoelectric
body may be damaged during handling because the piezo-
electric body 70 is constituted by a brittle material.

For example, the upper electrode 80 can be provided so as
to have the same shape as the protrusion 72 when seen in a
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plan view. In addition, for example, the lower electrode 82 can
be provided so as to have the same shape as the protrusion 74
when seen in a plan view.

The upper electrode 80 and the lower electrode 82 are
constituted by a material having an electrical conduction
property, for example, silver or a silver/palladium alloy. Since
silver is a low-resistance versatile material, there is an advan-
tage from the viewpoint of a manufacturing cost and a manu-
facturing process. In addition, a silver/palladium alloy is a
low-resistance material having an excellent oxidation resis-
tance and has an excellent reliability. The thicknesses of the
upper electrode 80 and the lower electrode 82 are preferably
1 um to 50 pum. When the thicknesses are less than 1 pm, it is
difficult to uniformly mold the upper electrode 80 and the
lower electrode 82. On the other hand, when the thicknesses
exceed 50 um, the upper electrode 80 or the lower electrode
82 serves as a constraint surface with respect to the piezoelec-
tric body 70, which results in a decrease in the energy con-
version efficiency.

The upper electrode 80 and the lower electrode 82 that face
each other, respectively, and the piezoelectric body 70 located
between the upper electrode 80 and the lower electrode 82
constitute one piezoelectric vibrator 10. In other words, one
piezoelectric vibrator 10 is constituted by the upper elec-
trodes 80 and the lower electrodes 82 facing each other,
respectively, and the protrusions 72 and the protrusions 74
that are located between the upper electrodes 80 and the lower
electrodes 82.

Thus, the oscillator 100 has a plurality of the piezoelectric
vibrators 10.

FIG. 3 is a plan view illustrating a modified example of the
oscillator 100 shown in FIG. 1. In the embodiment, the pro-
trusion 72, the protrusion 74, the upper electrode 80, and the
lower electrode 82 have a square shape when seen in a plan
view. On the other hand, as illustrated in FIG. 3, the protrusion
72, the protrusion 74, the upper electrode 80, and the lower
electrode 82 can have any of various shapes. For example, as
illustrated in FIGS. 3(a), 3(b), and 3(c), the protrusion 72, the
protrusion 74, the upper electrode 80, and the lower electrode
82 can be provided so as to have an oblong shape. In addition,
the number of arrangements thereof'is not limited. Further, as
illustrated in FIG. 3(d), for example, the protrusion 72, the
protrusion 74, the upper electrode 80, and the lower electrode
82 may be provided so as to have a circular shape or an
elliptical shape when seen in a plan view.

In this manner, the shapes of the protrusion 72, the protru-
sion 74, the upper electrode 80, and the lower electrode 82 are
selected, thereby allowing resonance frequencies of the plu-
rality of piezoelectric vibrators 10 constituted by these to be
selected.

In the plurality of piezoelectric vibrators 10 constituted by
the protrusions 72, the protrusions 74, the upper electrodes
80, and the lower electrodes 82, it is possible to set any
interval between the piezoelectric vibrators 10 adjacent to
each other. Thus, it is possible to prevent a sound wave from
interfering between the plurality of piezoelectric vibrators 10.

As illustrated in FIGS. 1 and 2, for example, the oscillator
100 includes a supporting frame 30 that holds the piezoelec-
tric body 70. For example, the supporting frame 30 holds an
edge of the piezoelectric body 70. In addition, for example,
the supporting frame 30 holds the entire circumference of the
piezoelectric body 70.

As illustrated in FIG. 1, the oscillator 100 includes a con-
trol unit 90 and a signal generating unit 92.

The signal generating unit 92 is connected to each of the
upper electrodes 80 and each of the lower electrodes 82. The
signal generating unit 92 generates an electrical signal to be
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input to each piezoelectric vibrator 10 that is constituted by
each upper electrode 80 and each lower electrode 82.

The control unit 90 is connected to the signal generating
unit 92, and controls the generation of a signal by the signal
generating unit 92. The control unit 90 controls the generation
of the signal by the signal generating unit 92 based on infor-
mation that is input from the outside, and thus the control unit
90 can independently control the output of the plurality of
piezoelectric vibrators 10.

When the oscillator 100 is used as a parametric speaker, the
control unit 90 inputs a modulated signal of the parametric
speaker through the signal generating unit 92. In this case,
each piezoelectric vibrator 10 uses a sound wave of equal to or
more than 20 kHz, for example, 100 kHz, as a carrier wave of
the signal.

A fundamental resonance frequency of the piezoelectric
vibrator depends on a length of a contour shape of a vibration
plane. In other words, as a resonance frequency shifts to a
high frequency, the area of the piezoelectric vibrator is
reduced. For this reason, the oscillation frequency of each
piezoelectric vibrator 10 is set to be in an ultrasound wave
band, thereby allowing the size of the oscillator 100 to be
reduced.

In addition, the oscillation frequency of each piezoelectric
vibrator 10 is set to be in an ultrasound wave band, and thus a
high directivity can be realized.

In addition, when the oscillator 100 is used as a general
speaker, the control unit 90 may directly input a sound signal
to each piezoelectric vibrator 10 through the signal generat-
ing unit 92.

In addition, when the oscillator 100 is used as a sound wave
sensor, a signal to be input to the control unit 90 is a command
signal to the effect that a sound wave is oscillated. When the
oscillator 100 is used as a sound wave sensor, the signal
generating unit 92 causes each piezoelectric vibrator 10 to
generate a sound wave having a resonance frequency of each
piezoelectric vibrator 10.

Next, effects of the embodiment will be described. The
oscillator 100 according to the embodiment comprises the
plurality of upper electrodes 80 that are respectively provided
on the plurality of protrusions 72 included in the piezoelectric
body 70 so as to be separated from each other, and the plu-
rality of lower electrodes 82 that are provided on the other
surface of the piezoelectric body 70 so that each of the lower
electrodes faces only one upper electrode 80. At this time, the
plurality of protrusions 72, the plurality of upper electrodes
80, and the plurality of lower electrodes 82 constitute the
plurality of piezoelectric vibrators 10.

As such, according to the embodiment, the plurality of
piezoelectric vibrators 10 are constituted by the single-lay-
ered piezoelectric body 70. For this reason, the plurality of
piezoelectric vibrators 10 are arranged in an array, and thus a
process of bonding them to each other is not required. It is
possible to prevent variation in characteristics from occurring
between the plurality of piezoelectric vibrators 10. Therefore,
it is possible to improve the acoustic characteristics of the
electronic device.

In addition, each piezoelectric vibrator 10 is independently
controlled through each upper electrode 80 and each lower
electrode 82. Thus, it is possible to control the plurality of
piezoelectric vibrators 10 with a high degree of freedom.

Each of the plurality of piezoelectric vibrators 10 is con-
stituted by each protrusion 72. In other words, the plurality of
piezoelectric vibrators 10 are arranged by interposing
grooves therebetween. Thus, as compared with a case where
no groove is formed between the piezoelectric vibrators 10,
the vibration of the piezoelectric vibrator 10 is prevented
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from being constrained. Therefore, the energy loss of the
oscillator 100 is reduced, and thus power consumption can be
reduced.

In addition, the plurality of protrusions 72 are arranged by
interposing grooves therebetween. Thus, it is possible to pre-
vent the vibration from being transferred from one piezoelec-
tric vibrator 10 to another adjacent piezoelectric vibrator 10.

FIG. 4 is a cross-sectional view illustrating an electronic
device 200 according to a second embodiment. In addition,
FIG. 5 is a plan view illustrating the electronic device 200
shown in FIG. 4. The electronic device 200 according to the
embodiment corresponds to the second invention in the speci-
fication. The electronic device 200 according to the embodi-
ment comprises a supporting member and a plurality of the
oscillators 100. For example, the electronic device 200 is a
portable terminal device such as a cellular phone.

The plurality of oscillators 100 are fixed onto the support-
ing member. The oscillator 100 has the piezoelectric vibrator
10 and a vibration member 20. The vibration member 20
constrains the piezoelectric vibrator 10 on one surface
thereof. In addition, the end of the vibration member 20 is
bent toward one surface side or the other surface side opposite
to the one surface. Further, the end ofthe vibration member 20
is held by the supporting member. Hereinafter, the configu-
ration of the electronic device 200 will be described in detail.

The vibration member 20 has, for example, a flat plate
shape. The vibration member 20 is constituted by a material,
such as a metal or a resin, having a high elastic modulus with
respect to ceramic which is a brittle material, and is consti-
tuted by a versatile material such as phosphor bronze or
stainless steel. The thickness of the vibration member 20 is
preferably 5 um to 500 um. In addition, the modulus of
longitudinal elasticity of the vibration member 20 is prefer-
ably 1 GPa to 500 GPa. When the modulus of longitudinal
elasticity of the vibration member 20 is excessively low or
high, there is a concern that vibration characteristics and
reliability of the oscillator may be damaged.

As illustrated in FIG. 4, the vibration member 20 is held by,
for example, a substrate 32. As illustrated in FIG. 5, the
substrate 32 has a hollow ring shape. The ring shape is, for
example, quadrangular. However, the invention is not limited
thereto, and the ring shape may be circular or elliptical. A
portion of the end of the vibration member 20 is fixed onto the
substrate 32, and thus the vibration member 20 is held by the
substrate 32.

In addition, the substrate 32 is fixed using, for example, the
supporting frame 30.

Asillustrated in FIG. 4, the end of the vibration member 20
is bent toward the one surface side. Since the end of the
vibration member 20 is bent, the vibration member 20 has a
spring shape. Thus, during vibration, a flat spring effect acts
on the vibration member 20. In addition, it is possible to
increase the length of a stroke during the vibration. Therefore,
a sound pressure level of the oscillator 100 can be improved.

As illustrated in FIG. 4, the vibration member 20 is bent
toward one of one surface side and the other surface side at
one end thereof and at the other end opposite to the one end.
In the embodiment, as illustrated in FIG. 4, both the one end
and the other end of the vibration member 20 are bent toward
the one surface side. In addition, the vibration member 20 is
fixed to the substrate 32 at the one end and the other end
thereof.

The vibration member 20 is bent at a bend portion 22. In
addition, when seen in a plan view, the end of the vibration
member 20 is located further inside than the bend portion 22.
For this reason, a mounting area for the bent end of the
vibration member 20 is not required. Therefore, it is possible
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to reduce a distance between the arranged oscillators 100 and
to reduce the size of the electronic device 200.

As illustrated in FIG. 4, for example, the plurality of oscil-
lators 100 are arranged on both surfaces of the substrate 32. In
the embodiment, a plurality of oscillators 102 are arranged on
one surface of the substrate 32, and a plurality of oscillators
104 are arranged on the other surface thereof. In addition, the
oscillators 102 and the oscillators 104 are disposed so as to be
mutually displaced when seen in a plan view.

According to the electronic device 200 in the embodiment,
the oscillators 102 and the oscillators 104 are disposed so as
to be mutually displaced when seen in a plan view. In addi-
tion, the substrate 32 has a hollow ring shape.

For this reason, a sound wave that is output toward one
surface side of the substrate 32 from the plurality of oscilla-
tors 102 and a sound wave that is output toward one surface
side of the substrate 32 from the plurality of oscillators 104
via gaps between the oscillators 102 are emitted toward one
surface side of the substrate 32. In addition, a sound wave that
is output toward the other surface side of the substrate 32 from
the plurality of oscillators 104 and a sound wave that is output
toward the other surface side of the substrate 32 from the
plurality of oscillators 102 via gaps between the oscillators
104 are emitted toward the other surface side of the substrate
32.

Therefore, the sound waves that are output from the oscil-
lators 102 and the oscillators 104 are effectively emitted, and
thus a high sound pressure level can be realized.

Meanwhile, the arrangement of the oscillators 102 and the
oscillators 104 can be arbitrarily adjusted.

FIG. 6 is a cross-sectional view illustrating the piezoelec-
tric vibrator 10 shown in FIG. 4. As illustrated in FIG. 6, the
piezoelectric vibrator 10 has the piezoelectric body 70, the
upper electrode 80, and the lower electrode 82. The piezo-
electric body 70 is interposed between the upper electrode 80
and the lower electrode 82. In addition, the piezoelectric body
70 is polarized in the thickness direction thereof (vertical
direction in FIG. 6). The piezoelectric vibrator 10 is, for
example, circular or elliptical in shape in a plane direction
horizontal to one surface of the vibration member 20.

For example, the same as that of the first embodiment can
be used as the piezoelectric body 70. In addition, for example,
the same as that of the first embodiment can be used as the
upper electrode 80 and the lower electrode 82.

The electronic device 200 includes the control unit 90 and
the signal generating unit 92.

The signal generating unit 92 is connected to each piezo-
electric vibrator 10, and generates an electrical signal to be
input to each piezoelectric vibrator 10. In addition, the control
unit 90 is connected to the signal generating unit 92 and
controls the generation of a signal by the signal generating
unit 92. The control unit 90 controls the generation of the
signal by the signal generating unit 92 based on information
that is input from the outside, and thus the control unit can
independently control the output of the plurality of oscillators
100.

The output control of the oscillator 100 can be imple-
mented using the control unit 90 and the signal generating
unit 92 in a similar manner to the first embodiment.

Next, effects of the embodiment will be described. The
electronic device 200 according to the embodiment com-
prises a vibration member that constrains the piezoelectric
vibrator 10 on one surface thereof, and of which the end is
bent toward one surface side or the other surface side and is
held by a supporting member.

According to the embodiment, the vibration member 20
has a spring shape. For this reason, during vibration, a plate
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spring effect acts on the vibration member 20. In addition, it
is possible to increase the length of a stroke during the vibra-
tion. Thus, a sound pressure level of the oscillator 100 can be
improved. Therefore, the acoustic characteristics of the elec-
tronic device can be improved.

As described above, although the embodiments of the
invention have been set forth with reference to the drawings,
they are merely illustrative of the invention, and various con-
figurations other than stated above can be adopted.

The application claims priority from Japanese Patent
Application No. 2011-081025 filed on Mar. 31, 2011, the
content of which is incorporated herein by reference in its
entirety.

The invention claimed is:

1. An oscillator comprising:

a piezoelectric body that has a plurality of first protrusions
on one surface thereof;,

a plurality of first electrodes that are respectively provided
on the plurality of first protrusions so as to be separated
from each other;

a plurality of second electrodes that are provided on the
other surface opposite to the one surface of the piezo-
electric body so that each of the second electrodes faces
only one first electrode; and

a plurality of second protrusions that are provided on the
other surface of the piezoelectric body so that each ofthe
second protrusions overlaps only one first protrusion
when seen in a plan view,

wherein an entire periphery of each of the first protrusions
is surrounded by grooves.

2. The oscillator according to claim 1, further comprising:

a signal generating unit that is connected to each of the first
electrodes and each of the second electrodes; and

a control unit that controls generation of a signal by the
signal generating unit,

wherein the first electrode and the second electrode that
face each other, and the piezoelectric body that is inter-
posed between the first electrode and the second elec-
trode constitute one piezoelectric vibrator, and

wherein the control unit controls the generation of the
signal by the signal generating unit to independently
control the output of a plurality of the piezoelectric
vibrators.

3. An oscillator comprising:

a piezoelectric vibrator;

a vibration member that constrains the piezoelectric vibra-
tor on one surface thereof, and wherein at least one end
of the vibration member is bent inward toward one sur-
face side of the piezoelectric vibrator or another surface
side opposite to the one surface side; and

a supporting member that holds the end of the vibration
member,

wherein the vibration member is bent at a bend portion, and

wherein the at least one end of the vibration member is
located further inward toward the one surface side or the
another surface side than the bend portion when seen in
aplan view in a condition that a voltage is not applied to
the piezoelectric vibrator.

4. The oscillator according to claim 3, wherein the vibra-
tion member is bent toward one of the one surface side and the
other surface side at one end thereof and the other end oppo-
site to the one end.

5. An electronic device comprising:

a supporting member; and

a plurality of oscillators that are fixed onto the supporting
member,
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wherein the oscillator includes:
a piezoelectric vibrator; and
a vibration member that constrains the piezoelectric vibra-
tor on one surface thereof, and wherein at least one end
ofthe vibration member is bent toward one surface side
of the piezoelectric vibrator or another surface side
opposite to the one surface side and is held by the sup-
porting member,
wherein the vibration member is bent at a bend portion, and
wherein the at least one end of the vibration member is
located further inward toward the one surface side or the
another surface side than the bend portion when seen in
a plan view in condition that a voltage is not applied to
the piezoelectric vibrator.
6. The electronic device according to claim 5, wherein the
plurality of oscillators are arranged on both surfaces of the
supporting member.
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